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Abstract

High resolution electron microscopy has been carried out on grain
boundaries of 92% dense YBanCugO7_.5 in the tetragonal form. Grain

boundaries were found to be predominantly parallel to (001) of one of the
adjacent grains. No amorphous interlayer was observed at the grain
boundaries. At some grain boundaries highly localized strains were
detected. :

Introduction

YBaosCugO7._5, prepared using different routes ‘(oxides, nitrates, oxalates)

show a density in the range of 50-70%. Because this material is very
brittle an obvious goal is to densify the material as much as possible.
Another reason for densification is a decrease in decomposition which
was found to start at the surface (Zandbergen, Gronsky and Thomas,1988).

A disadvantage of highly dense materials seems to be the very
slow uptake of oxygen. For densities of 90% and more this requires

progressively more than one day of annealing at 450°C.

The critical current is found to depend strongly on the alignment
of the grains. Jin et al (1987) obtained an increase of two orders of
magnitude by alignment of the grains. It is to be expected that for further
improvements in the critical current in sintered polycrystalline samples,
engineering of the grain boundaries will play a major role. Consequently,
detailed studies of the grain boundaries are very important in order to
understand differences in defect sensitive macroscopic behavior (e.g.
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critical current) of various specimens.

An investigation of grain boundaries was started, addressing a
number of problems:
a. The role of grain boundaries in the (obstruction of) oxygen transport,
necessary for the transformation from tetragonal to orthorhombic.
b. The role of grainboundaries as possible contraints in this
transformation and the resulting structural deformations.
c. The correlation of bulk behavior and the structure at and near the grain
boundaries (e.g. the presence of an amorphous interlayer and the existence
of stress induced structural changes).

Although research was started recently, a number of interesting
results have already been obtained, which are presented in this paper.

Experimental

Specimens were prepared by heating pressed pellets at 9500C for
several hours. The pellets were pressed at 2400 psi from YBasCu3O7_g

with no additives, obtained by heating in the temperature range of 850-

8800C for 12 to 6 hours respectively. With this method 88-92% dense
material was obtained.

Although most samples were annealed at 450°C for 2 to 40 hours,
sometimes the uptake of oxygen indicated that a considerable part of the
material did not transform to YBapCuzO7 and remained oxygen deficient.

Since the major interest in this part of_f our studies concerns the
structure of the grain boundaries of the tetragonal as well as the
orthorhombic modification of YBapCugOy7_g, all materials were prepared

as fully dense as possible. The results on grain boundaries presented in
this paper are from the tetragonal modification. However, the principles
learned should also apply to the orthorhombic modification.

For high resolution electron microscopy, specimens were thinned
by ion milling. First a pellet was thinned to approximately 10 mm with dry
400 mesh grinding paper. Next a piece of about 2 mm by 2 mm was glued
on a copper slot grid with silver epoxy. lon milling was carried out with

Ar of 4 keV with an incidence angle of 120, The sample was liquid nitrogen
cooled. After a hole was obtained the thinning was stopped but the sample
was left in the vacuum of the ion milling equipment. When the electron
microscope was ready, the sample was taken out of the vacuum and
immediately placed inside the microscope to minimize possible damage or
chemical change (Zandbergen, Hetherington and Gronsky,1988).
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_ High resolution electron microscopy was carried .out with the
Berkeley Atomic Resolution Microscope (Gronsky and Thomas, 1983),

equipped with a +40° double tilt/lift goniometer operating at 800 or
1000 kV. Image processing to improve the signal/noise ratio of several
high resolution images was performed using SEMPER software (Saxton,
1978).

Results

A large number of grain boundaries show the interface of one of
the grains to be a (001) plane which must be a low energy plane. The
orientation of the grain is expected to be random if the process of growth
and densification occurs by impingement of grain upon grain. That is,
specific orientation relationships are not developed, so new grains do not
grow from existing ones but simply coarsen and impinge even while
favouring (001) facets. No indications for a preferred orientation were
found. In Figure 1 an example is given of a grain boundary in which the

interface of one of the grains is (001). The other grain is not at 90° so it

is not a [100] 900 rotation twin as described by Zandbergen et al (1987)
but a random oriented grain. Figure 2 shows a triple point with two grains
with their (001) planes parallel to the grain boundaries. In neither case is
there any grain boundary phase so there is probably no liquid sintering.

~ In both cases the images do not show high resolution details
perpendicular to the ¢ axis. This is because the. specimen had to be tilted
out of the low index orientation in order to image such that the [001]
directions of both grains were parallel to the image plane. This does not
allow orientation of one of the grains along [100], [010], or [110], which is
a requirement for the imaging that resolves atomic details. Nevertheless,

the availability of the large tilt (+ 400) stage in the Berkeley Atomic
Resolution Microscope is extremely useful for these analyses, because
grain boundaries should be imaged edge-on in order to be sure that
intergranular phases do or do not exist.

Discussion
~ One of the most widely studied problems over the last decade has
been that of grain boundary interfaces (Thomas (1987)) in sintered and hot

pressed compacts which ofter require sintering aides to allow liquid
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phase sintering. Well known examples are the covalent materials silicon
carbide, silicon nitride as well as ionically bonded alumina, zirconia-
mullite, etc. and electronic materials such as ferrites and ferroelectrics.

Although grain growth in YBasCugO7_5 is different from many of

the materials mentioned above in that liquid phases are not involved,
nevertheless much can be learned from these well-studied materials.
Futhermore engineering of YBaosCu3O7.5 to align the grains might involve

higher processing temperatures ( Jin et al, 1987), which implicates the
presence of liquid phases.

In all materials, the presence of amorphous material at the grain
boundaries will lead to a deterioration of the properties as is illustrated
in Fig. 3. Anologous to the loss of ionic conduction in Na-f alumina
polycrystals, the non-coincidence of the (001) electron conduction plane
in the YBapCugO7.5 phase shown in Figs 1and 2 immediately suggests

that this is an important factor in the low critical currents observed in
these superconductors. The increase in the critical current of two orders
of magnitude for well aligned grains ( Jin et al ,1987) is in accordance
with this expectation. The presence of
strain however is expected to lead to contrary effects when comparing
superconductors to other ceramics. For zirconia/mullite systems, the
strain at the grain boundary can contribute to improved mechanical
properties such as toughness by microcracking, or lead to the martensitic
tetragonal-monoclinic transformation toughening in partially stabilized
zirconia phases (Evans and Cannon, 1986). In superconductors, local
changes in structure may lead to unfavorable copper-oxygen
configurations which can have strong effects on the critical current,
because its magnitude is determined by the critical current of the grain
boundaries and their strained surroudings.

Presently - there are not enough data to quantify the occurrence
and the magnitude of strain, thus direct correlation to the critical
current data is not possible. However high resolution electron microscopy
shows that the strain is highly localized near the grain boundary (see Figs
4 and 5). Research will be continued on these strain observations both in
the orthorhombic and tetragonal forms.

Summary

Dense polycrystalline YBanoCugOy.5 materials prepared by sintering of
pressed pellets without sintering aides develop random grain boundaries,
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but highly faceted along (001). There are no observed second phases, but
sometimes highly localized strain fields at the grain boundaries. The
structural discontinuities observed may very well explain the low critical
currents obtainable in polycrystalline superconductors, having randomly
oriented grains.

Acknowledgements

The authors wish to thank M.Y. Chu and Dr L.C. DeJonghe for providing the
specimens.

This work was supported by the Director, Office of Energy Research,
Office of Basic Energy Sciences, Materials Science Division, U.S.
Department of Energy under Contract No. DE-AC03-76SF00098.

References

"Evans A.G. and Cannon R.M. (1986) Mechanical Properties and Phase
Transitions in Engineering Materials, eds Antolovich S,D. et al, Met. Soc.
AIME 409.

Gronsky R. and Thomas G. (1983), Proc. 41st Ann. Meeting Elec. Micr. Soc.
Amer., Bailey G.W., Claitor's, Baton Rouge p 310-311.

Jin S., Sherwood R C., Tiefel T.H., Van Dover R.B., Fastnacht R.A., Nakahara
S., Yan M.F,, and Johnson D.W. (1987) Proc. MRS FaII Meeting Boston 1987
Saxton W.O. (1978) Ints. Phys. Conf. Ser. 44, Institute of Phys, London
Thomas G. (1987) Proc. Ceramic Microstructures Conf 1986

Zandbergen H.W., Gronsky R., M.Y. Chu, Dedonghe L.C., Holland G. and Stacy
AM. (1987) Proc. M.R.S. Fall Meeting Boston 1987

Zandbergen H.W., Gronsky R., and Thomas G (1988), accepted for publication
in phys. stat. sol.

Zandbergen H.W., Hetherington C.J.D., and Gronsky R. (1988), accepted for
publication by J. of Superconductivity



Grain boundaries in sintered YBasCu307.g

Figure Captions

Figure 1.
High resolution image of a grain boundary in tetragonal YBaoCugOy_g

specimen. Both grains have their ¢ axis in the plain of the image but are
not orthogonal. No intergranular phase is observed at the grain boundary.:
(XBB 870-10602)

Figure 2. ' »

High resolution image showing a triple point of grain boundaries. The grain
boundaries are all parallel to (001) planes of one of the adjacent grains
except for the truncation near the center of the figure. (XBB 870-10597)

Figure 3.
'Schematic summary showing generic microstructures at grain boundaries
and interfaces in a wide range of ceramics. (XBL 8712-5343)

Figure 4.

Digitized high resolution image of a grain boundary: (a) the upper grain is
in [100] and the lower grain on [441] orientation; (b) and (c) show images.
averaged along the grain boundary. Note the bending of the 104 lattice
planes in the lower grain near the grain boundary, indicating localized
strain -fields. (XBL 8711-4633)

Figure 5.

Grain boundary ot two grains approximately in [110] (top) and [100]
(bottom) orientation. At each position where a unit cell of the top grain
ends at the boundary, a strain center occur in the bottom grain. This
indicates the upper grain grew to impingement at the lower grain. (XBB
870-10596)
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Some Generic Microstructures: Ceramics

Grain Boundaries / Interfaces Examples Properties Limited

Amorphous Films SizNg Creep

Partiy Crystalline Some Sialons Creep

Films Ferrites Permeability
Daristors Uoltage drop required
Additives / B Na Alumina Na* conduction

Impurities YBaCuz07-y4 Conduction a-b plane
2r07/Mullite

Composites Daried (creep, etc.)

XBL 8712-5343

Fig. 3
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